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FOREWORD

Steadily and relentlessly, high water-consuming plants, termed
phreatophytes, containing species such as salt cedar, arrowweed,
mesquite, and saltbush, have spread throughout the lower Colorado
River flood plain to where, in places, their growth is almost impene-
trable. ZFach year over half a million acre-feet of Lower Colorado -
River water is nonbeneficially consumed by these prolific water-
using shrubs and trees. A program for salvaging a portion of this
water by the eradication and control of these plants is an integral
part of the Pacific Southwest Watler Plan.

Along with the increasing demands for additional water within
the Pacific Southwest are the increasing demands for public use and
recreation areas along the lLower Colorado River. It is anticipated
that recreational developments now existing will increase and even-
tually spread over parts of lands in State, private, Federel, and
Indian ownerships. Some portion of the recreation developments
undoudbtedly will be in the phreatophyte areas considered in this
report. 4

It should be recognized that selective phreatophyte growth and
managed vegetative land developments may be a desired use of the
land and part of the water resources of the area. On areas non-
critical to wildlife where the present pnreatophyte growth has a low
wildlife value, a program utilizing replacement vegetation of trees, :
shrubs, or grasses having a low water demand, could conserve addi-
tional water and produce greater wildlife values and recreational
benefits.

Continued development of the flood plain lands is going to occur |
either on & planned basis or by random occurrence in the future, and

could result in a net reduction of tke present nonbeneficial con-
sumptive water use and thereby eccomplish some portion of water
salvage.

Coordinated planning with public agencies along with the related
private developments should provide the most effective and economical
utilization of phreatophyte lands and optimum conservation of the
waters now being nonbeneficially lost.

The study area, as shown on Plate 2, comprises about 294,000 acres,
of which nearly 167,000 acres are presently invested with phreatophytes
which annually consume about 568,000 acre-feet of water. About 22,000
ecres of Federal lands and about 20,000 acres of nonarable Indian
reservation lands are infested by phreatophytes with ean annual non- i
beneficial consumptive use of about 148,000 acre-feet of water. The
proposed procram of eradication and control of these phreatophytes




would annually salvage about 100,000 acre-feet of this amount for
beneficial use by other areas within the Lower Colorado River Basin.

, The clearing of phreatophytes from private, State-owned, and
arable Indien reservation lands will be incidental to their continuing
development and, therefore, is not included as a specific eradication
program under the Pacific Southwest Water Plan.

The presentations in this report are supported by data contained
in the Bureau of Reclamation's technical report, "Lower Colorado River
Vater Salvage Report--Phreatophyte Control, June 1963." The water
salvage plans presented do not conflict with the proposed ground-water
recovery plan or the authorized Lowér Colorado River channelization
plan.

The estimated costs associated with the phreatophyte eradication
and control program would be $2,100,000 for clearing and $1,630,000
for the construction of surface drains. The total annual costs would
be $341,000. The annual equivalent agriculture benefit based on a
100-year period of analysis is $3,200,000. The proposed eradication
program is economically feasible, as the annual benefits would exceed
annual costs by a ratio of 9.38 to 1.0.




SECTION D - PHREATOPHYTE ERADICATION AND CONTROL

PART I. THE AREA
General

The study area of this revort, as shown on Plate 2, is the same
as that used in the Bureau of Reclamation's "Lower Colorado River
Water Salvege Repori--Phreatopnyte Control, June 1963," which presents
supporting data for this report.

ILocation, Extent, and Features--The Lower Colorado River, between
Davis Dam and tne Arizona-Mexico poundary, alternately flows through
280 miles of narrow, rccky canyons and broad, alluvial-filled valleys.
Taroughout this reach, tize Colorado River traverses two wildlife
refuges, four Indian rescrvations, and five irrigation districts.
Except for Federal lands in the Palo Verde Irrigation District, this

3

study includes no landés in irrigation districts.

The study area encompasses private, State- and Federal-owned,
Indian reservation, and Federal wildlife refuge lands. The approximate
total areas by landownerships are as follows:

Tyoe of Cwmership Area in Acres
Private 33,0C0
State 8,000
Federal 18,000
Indian 140,000
wildlife refuge (Federal) 34,000
Cpen water 31,000
Total 294,000

Pooulation--The vast re zion along the Lower Colorado River is very
sparsely settied. Yuma, Arizona, with a population of about 24,000,
was the largest of five cities enumerated by the U.S. Census Bureau in
1960. “he remaining four cities had a combined population of about
1%,000. Iesser numbers of people are dispersed in irrigation and
recreation developments.

Iand Uses

Agricultural Development--About 207,0C0 acres of river bottom

loné are 1r*1gaued of whicha approximaitely 147,000 acres are in
irrigation-water service organizations not included in the phreatophyte
study area. As presenied in Table 1, of the 60,000 acres of irrigated
lands in the study area, about 3%, 700 acres are Colorado River Indian
Reservation lands.

]
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Undeveloped Lands--There are approximately 169,000 acres of
undeveloped lands in the study area, of which about 103,000 acres are
arable. About 79,000 acres of the undeveloped lands are within the
Colorado River Indian Reservation, of which approximately 75,000 acres
have been classified as arable by the Bureau of Indian Affairs.

Fish and Wildlife Refuges--Between Davis Dam and the International
Boundary, the Colorado River traverses two wildlife refuges, as shown
on Flate 1. The Havasu National Wildlife Refuge extends about 50 miles,
from eight miles above Topock, Arizona, dowmnstrean to the vicinity of
Parker Den. The Imperial Wildlife Refuge extends about 30 miles down-
stream from the southern end of Citola Valley to Imperial Dam.

The only portion of the Havasu National Refuge included in the
vegetative survey is about 14,000 acres lying within the flood plain
from the upper end of the refuge down to Topock. About 20,000 acres
of the Imperial Wildlife Refuge are within the Colorado River flood
plain and study area. Within the lower portion of this refuge are
rmumerous sloughs, lakes, and large areas of tules. In the upper
portion, the river is borcered on both sides with long, narrow growths
of vegetation, predominantly salt cedar and arrowweed.

Resorts--Attracted by the mild, elmost rain-free winter, the Lower
Colorado River is a popular recreation area for people from the metro-
politan areas of San Diego, Los Angeles, las Vegas, and Phoenix, as
well as those from Yuma, Blythe, Parker, and Needles. A considerable
number of outdoor enthusiasts also visit the erea during the hot summer
months. There are nuzerous facilities for these visitors and seasonal
residents that range from small fishing cemps to rather elaborate ’
resorts. There are facilities on Lake Hevesu, along both sides of the
river from Pariter Dam to Palo Verde Diversion Dam, and in the vicinity
of Imperiel Dam and Reservoir. Cf these, the most extensive and highly
developed resort area lies between Parker and Headgate Rock Dams.

The increasing demand for recreation facilities and services
throughout the valley is spurring various State, county, and local
agencies to develop plans for additional recreation and park areas
from Davis Dan to the International Boundary. These plans will be
presented in a land-use report for the Lower Colorado River being
prepared by the Lower Colorado River Land Use Office at Yuma, Arizona.

Vegetation

Tae vegetation of the flood plain study area, from Davis Dam to
the International Boundary, consists predominantly of salt cedar,
arrowweed, and mesquite. There are also nuuerous less extensive
growths of cottonwood, willow, saltbush and baccharis. Extensive
growths of tules and smaller areas of carrizo cane are found in the
shallow waters and low-lying lands of the swamps, sloughs, back bays,
and seeped areas, the major portion of which are located on the

RTINS



wildlife refuges. Most of the mesquite and nearly half of the
arrcwweed growing in the study area are located within the Colorado
River Indian Reservation. Of the total acreage of salt cedar, nearly
balf is fournd in the reach from Topock to Davis Dam. The remaining
plant species on the flood plain are in scattered growths throughout
the various river reaches.

Water Uses

Surface Water--Coloracdo River water is diverted at various
locations along the river below Devis Dem for irrigation, municipal,
and industrial uses in the lower tesin and in Mexico. In addition,
and outsicde of water service organizatiions, private operators are
irrigating about 21,000 acres along both sides of the river by either
pumping directly from the river or from ground-water wells adjacent
to the river.

Ground VWater--Ground waters uncderlie all the lands adjacent to
the Coloracdo River in toth Arizona and California. Irrigation develop-
ents éraw upon this supvly to suvplexment surface-water diversions;
however, the artount of ground water used in these areas is insig- .
nificant. Ground water is the entire source of municipal and industrial
supply for the cities of lNeedles, Blythe, and Parker.

Subsurrac
which flows n
phreatophytes, as

s - - R
the zone 0f saturat

face, is the primary source of water used by
B! s habitually obtein their supplies from
Prnreatopaytes are the major users of sub-

PART II. TFIELD INVESTIGATIOINS

1 N . , .
udy area —/ was éivided into eight river reaches for con-

The st
ducting the various field surveys and presenting the results of the
investigations. Aerial piotograpnhs were used for the phreatophyte
and land inventories.

Tane study area boundary, for the rost part, followed the
generalized flocd plain voundary dbut did not include lands in exist-
ing irrigation districts, with the exception of those federally owned
lands within the Palo Verde Irrigation District. The study area and
the river reach boundaries are shown on Plate 2.

The estimated use of water by phreatophytes presented in this
revort was based on & field vegetative survey, together with Blaney-
Criddle watecr-use factors, rather then the water inventory method.

Tne many £low measurements, all subject to small error, plus the

1/

he Buresu's Report_on the Lower Colorado River

<
Prreatophyte Control - June 1903.




greater errors involved in estimating of evaporation losses and un-
measured depletions, combine to invalidate any calculation of
pareatophyte consumptive use by the inventory method.

Ground-%Water Studies

Tne ground-water studies for this report consisted of the
collection and initerpretation of aveilable data. These data consisted
of depth-to-water well readings obtained from the U.S. Geological
Survey, Palo Verde Irrigation District, and Bureau of Indian Affairs.
Additional depths to water were obtained from the holes used for land

inventory.

The ground waters of importance to this report are wholly
contained in the flood plain alluvium deposited by the Colorado River
and ephemeral streams debauching onto the flood plain erea. The allu-
vial materials eppear to be highly permeable and in direct hydraulic
continuity with the Colorado River channel. From available data on
the depths to weter, the ground-water elevation contours were deter-
mined for the varlous study areas. This information was used to
deternine the direction and gradient of ground-water movement.

The results of these studies indicate that the ground-water
movement is generally influent to the river, but that the rovement in
specific areas can be highly variable, dependent on the geology,
topography, recharge from the river, and irrigation water epplication.

Ground-water conditions in the four areas proposed for clearing
and drain construction are as follows:

Yuma. Valley Area--Thne depth to ground water in this area generally
ranges from 5 to 10 feet. The dominant hydrologic feature 1is the
ground-water mound caused by irrigation in the Yuza-Mesa Irrigation
and Drainage District. The ground water generally moves southwesterly
toward Mexico in the southern part of the valley and toward the river
channel in the northern part of the valley. In this valley reach the
river is effluent.

Cibola Valley Area--The depth to ground water in this valley
varies from aoout 5 to 10 feet. Tne direction of ground-water movement
basically parallels the river channel.

Colorado River Indian Reservation Area--Ground-water depths vary
from 10 to 15 feet on most of the nonarable Indian lands. The notable
movement is generally parallel to the river in a ground-water trough.
Where the reservation lands are irrigated, which roughly encompasses
the upper third of the reservation, water is returning to the river.
Below this area, the contours indicate that the river is influent.

D-5
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Fort Mohave Indian Reservation Area--Ground-water depths vary
from 10 to 15 feet on most of the nonarable Indian lands. The river
in this reach is strongly influent. Studies also indicate that ground
water is moving toward Topock Swamp in the lower valley, and in some
areas might be moving away from the river beyond the flood plain area.

Land Inventory

An inventory of 229,000 acres, which comprises most of the lands
along the Lower Colorado River flood plain between Davis Dam and the
International Boundary, was taken for the Lower Colorado River Water
Salvege Report - Phreatophyte Control - June 1963. The inventory

“included 21l bottom lands on both sides of the Colorado River, except

for those lands lying within wildlife refuges, a very spall portion
of the Colorado River Indian Reservetion which is situated on the
Arizona side of the river, and all organized irrigation districts.
However, federally owned lands within the Palo Verde Irrigation
District were included. The classification of lands within the
Coloredc River Indian Reservation was based on soil series data
obtained from the Bureau of Indian Affairs.

The inventory included a general description of the soil and land
characteristics found throughout the flood plain area, and a seni -
detailed land clessification. All six classes of land were mapped:
classes 1 to 4, inclusive, were mapped as arable, and 5 and 6 as
nonareble. Of the gross acreage studied, 158,000 acres were clas-
sified as arable and 71,000 as nonarable. Table 1l shows a summary
of the inventory by river reach and landownership.

Phreatophyte Survey

During the spring of 1961, a density survey was made of existing
phreatophytes within the study area to determine the extent, density,
and species of plants infesting the erea. The field procedure used
was that which is outlined in "A Guide to the Density Survey of Bottom
I2nd and Streambank Vegetation,' by the subcommittee on phreatophytes,
Pacific Southwest Inter-Agency Committee, June 1958. The procedures
used to arrive at the phreatophyte type and density are presented in
detcil in the Bureesu's Lower Colorado River Water Salvage Report -

Phreatophyte Control - June 1963.

The survey showed that phreatophytes infest about 167,000 acres
of the 169,000 acres of nonirrigated lands along the Lower Colorado
River. The results of the survey are presented in Tables 2 and 3,
and the infested areas are shown on Plate 2. '
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Table 3

Acreage of all Phreatophytes by
Iandownership, River Reach, and State

Type of Landownership ’
wildlife

Reach
No. State Private State Federal Indian Refuge Total
1 Ariz. 1,040 o} 2,120 o} 0 3,160
2 Ariz. 690 500 3,210 ) ' 0 1,400
Calif. 550 390 L ,800 0 0 5,740
3 Ariz. 0 0 0 0 3,920 3,920
Calif. 0 0 0 0 2,840 2,840
Ariz. 3,0600 T30 9,800 0 o} 13,590
Calif. 1,8% 90 2,770 0 o} 4,750
5 Ariz. 560 20 150 9,500 0 10,230
Calif. 2/ 0 0 0 0 0 0
6 Ariz. 0 0 o 62,870 0 62,870
Calif. 120 o} 3,420 4,5% 0 8,130
(Y 0 o 0 0 0 0
Ariz. 9,500 0 1,800 16,690 5,39 33,470
8 Calif. 1,430 790 570 4,020 2,890 9,700
Nevada 30 1,860 480 2,040 0 4,410
Ariz. 14,850 1,250 17,170 89,060 9,310 131,640
Totals Calif. 3,990 1,270 11,560 8,610 5,730 31,160
Nevada 30 1,860 180 2,040 0 4,410
Crand Totals 18,870 4,380 29,210 99,710 15,040 167,210

}/ Phreatophytes negligible--not surveyed. Resort areas and narrow
canyons within wildlife refuge.

L ]
I BN N BN I I B BE B BN e
=

2/ Not included in study area.
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PART III. WATER USE AND SALVAGE

Estimates of annual consumptive water use by phreatophytes and
of the annual potential weter salvage by phreatophyte eradication
are presented belovw.

Annual Water Use by Phreatovhytes

The Blaney-Criddle Method was used to estimate the consumptive
use rates for the various phreatophytes, and the results were compared
with available field test deta. The water use quantities presented
include only ground-water use, as effective precipitation has been

excluded.

The Bleney-Criddle formula gives the consumptive use rate
(acre-feet/acres) of plants for & growth at 100 percent volume
density; therefore, it was necessary to adjust these maximum use
rates for sparser plent growth as determined from randon transects.
\ioighted average annual use rates per acre were derived for various
grouping of plants having various cover intercepts and vertical
densities.

Using the weighted average use rates, it was estimated that the
total annual water use by the 167,000 acres of phreatophytes within
the study erea emounts to 568,000 acre-feet. Table 4 presents a
swmary of the estimated annuel water use for each phreatophyte type
by river reach, and Table 5 presents the estimated annual use of all
phreatophytes by tyve of lendownership and river reach.

Vater Salvege Factors

In estimating the amount of water that could be salvaged for
beneficial uses by eradication and control of phreatophytes, many
factors were considered. Consideration was given to the present use
by these plants, depths to ground weater before and after eradication,
continued water use by phreatophytes not subject to eradication,
bare-ground evaporation, consumptive use by native regrowth, and
salvage effects of proposed and existing drains. Since no field
measurements were availeble of actual quantities of water salvaged
by phreatophyte eradication, and the data available for estimates
of the above considerations were limited, it was necessary to
establish basic criteria in order to evaluate the factors enumerated
above. The requirements for realizing any potential water salvege,
and development of criteria for evaluating various nonsalvageable
losses, are subsequently discussed.

Once the phreatophytes are eradicated their control becomes &
problem. Some methods of control include:
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: Table 5
Annual Water Use of All Phrestophytes by
Landownership, River Reach, and State

Quantities in Acre-Feet
Type of Landownership

Reach : Wildlife

No. State Private State Federal Indian Refuge Total
1 Arizona 2,910 0 5,330 o} 0 8,240
5 Arizona 2,950 1,830 15,950 0 0 20,730
Calif. 1,980 1,520 20,230 0 0 23,730

3 Arizona o} 0 0 0 26,190 26,190
Calif. 0 0 0 0 19,130 19,130

L Arizona 13,260 2,990 42,350 0 0 58,600
Celif. 9,480 380 12,900 0 0 22,760

5 . Arizona 2,140 70 590 34,180 0 36,980
© Calif. 2/ 0 0 0 0 0 o

6 Arizona 0 0 0 137,490 0 137,490
Calif. 280 0 9,770 16,540 0 26,590

71/ 0 0 0 0 0 0
Arizona 32,900 0 6,630 57,950 33,630 131,110

8 Calif. 5,000 2,760 2,050 13,200 18,050 k1,060
Nevada 120 6,610 1,710 6,950 0 15,390
Arizona 5k,160 4,890 70,850 229,620 59,820 419,340

Totals Calif. 16,740 L, 660 L4,950 29,7h0 37,180 133,270
Nevada 120 6,610 1,710 6,950 0 15,390

Crand Totals 71,020 16,160 117,510 266,310 97,000 568,000

;/ Phreatophytes negligible--not surveyed. Resort areas and narrowv
canyons within wildlife refuge.

g/ Not included in study area.
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1. Replacement with beneficial species of plants under
good farm management.

2, Maintained recreational areas and parks.
3. Periodic defoliation of plants to reduce transpiration.

4. Continuous control of regrowth in eradicated areas
without beneficial redevelopment.

The surveyed phreatopnytes included hydrophytes (e.g., tules and
carrizo cane) which cen be eliminated only by drainage. Some of the
hydrophyte-infested areas will be drained by accomplishment of river
chennelization plans, 1/ and others would be eliminated by con-
struction of drains, and some areas will remain that cannot be
economically drained owing to topographic limitations. There is
also a significant ecreage of phreatophytes within existing wildlife
refuges that is not subject to eradication for water salvage.

The annuel water selvage programed in this report is that which
would accrue under method 4 above from the eradication and control of
phreatophytes infesting about 22,000 acres of Federal lands and 20,000
acres of nonareble Indian lands, none of which would be affected by

the river channelization plans.

The continuing development of arable private, State, and Indien
reservation lands will constitute a replacement of the nonbeneficial
phreatophytes with beneficiel agriculture plants. The water presently
being consumed by the phreatoohytes infesting these lands will be
edequate for the irrigation of crops. Therefore, this salvaged water
will not be available for use in other parts of the area.

It is believed essential that dreins be constructed in conjunction
with a progrenm of phreatophyte eradication and control. In many areas,
clearing these plants will cause the ground water to rise to such an
extent thet large emounts of water will be lost through eveporation
from the bare ground. In addition, a moist soil condition, brought
sbout by shallow depths to water, provides an excellent environment
for seed germination end, hence, rapid regrowth of phreatophytes.
Therefore, drains are necessary 10 calvage the increased ground-water
storage, and to hold the ground-water table down after eradication of

phreatophytes.

}/ Pureau of Reclametion reporis: "Reconnaissance Report,
Channelizetion Lower Colorado River," Boulder City, Nevada,
tarch 1962: end "Report on Comprehensive FPlen, Colorado River
Cnannelizetion, Palo Verde eand Cibola Valley Divisions,"
Boulder City, Nevada, December 1959.
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' These areas were used as the basis for determining a drainage system

The effects on the subsurface water by existing drains and
existing end proposed river channels, and by clearing phreatophytes,
were evaluated to determine areas with high water tables that would |
be subject to continued nonsalvageable evapotranspiration losses. 5

layout and subsequent water salvage.

Nonsalvageable Water Losses

Evaporation from Bere Soil--From published heights of capillary
zones Tor various soil types and the characteristics of the existing
soils within the situdy area, as determined by the land inventory, it
was determined tha the opportunity for eveporation from ground water
exists in areas where depths to water are generally from 0 to 5 feet.
Available date indicate that in areas in which the depth to ground
water was greater than 5 feet the loss of ground water would be
insignificant, as only low water-using desert xerophytes would exist,
and bare-ground evaporation would not occur. Eesed on field measure-
ments 1/ of evaporation from bere-soil tanxs in the area and from
comparisons with bare-soil evaporation deta from other areas, the
average annual evaporation rate from bare lend in areas of projected
high ground water will be gbout 0.53 acre-foot per acre. This rate
does not include precipitetion; therefore, ‘he source for evaporation
is from ground water only. )

Consumptive Use by Netive Regrowth--Several areas in the Southwest
have been subjecied to programs of npnreatophyte eradication, and within
these areas tnere has occurred a regrowth of native grasses and dbushes
vhere the ground water, subseguent to eradication, has risen suffi-
ciently to permeate the root zore. These previous experiences indicate
that erees on the Colorado River flood plain with depths to water
within 3 feet would support & regrowth of rative vegetation. The
averege annual consumptive use by native regrowth that was used for
the study arez, based on the Blaney-Criddle Method, was L,60 acre-feet
per acre. This weler use rate vas adjusted to reflect the average
regrowth consumptive uses that would occur in regrowth areas owing to

verying depths to ground water.

7.

Potential Water Salvage
L2

There are 167,000 acres of pareatophytes within the study area
on the Lower Colorado River flood plein. Of this total, 12,000 acres
are hydroprytes vwhich can be eredicated by dreirage only, 6,000 acres
are in wildlife refuges, and 9,000 acres will be eradicated under the
river chennelizetion program. Of the 140,000 acres remaining, 98,000
acres are on private, State, and arable Indian reservation lands.
These phreatophytes could be cleared incidental to continuing land
development, and the present nonbeneficial use of water which has not

1/ Evapoiranspiretion station near Yume, Arizona--studies conducted
by U. S. Geological Survey.
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been considered salvageeble would, by direct conversion, provide an
adequate water supply for further land development. The remaining
42,000 acres would be eradicated under this program.

Based on the present consumptive use of water by phreatophytes
and an evaluation of the requirements discussed previously in this -
chapter, the total potential water salvage that would become available
by eradication and control of phreatophytes on the 42,000 acres of
land would be about 100,000 acre-feet per year. These estimates
exclude precipitation: therefore, the 100,000 acre-feet of water
represents that which would be salvaged from subsurface flows from
the Colorado River for other beneficial uses.

Table 6 presents the areas programed for eradication under the
plan of development presented in this report and the derivation of
the 100,000 acre-feet of water that would be annually salvaged.

PART IV. PLAN OF DEVELOPMENT

The potential plan of development would clear phreatophytes from
and construct open drains on 42,000 acres of Federal and nonarable
Indian lands which are located in the four following areas:

Area
1. Yuma Valley T,000 acres in reach from Arizona-
Mexico Boundary to Imperial Dem
2. Cibola Valley 11,000 acres in reach from below
' Cibola Lake to Ehrenberg
3. Colorado River Indian 3,000 acres in reach from
Reservation Ehrenberg to Parker Dem
L, Ft. Mohave Indian 21,000 acres in reach from Topock
Reservation to Davis Danm

Phreatophyte Eradication and Control

A considereble amount of eradication and control work has been
done by various agencies in areas throughout the Southwest, using
both mechanicel and chemical methods. To estimate costs that would
be incurred by the proposed progrem, data were compiled for clearing
end control work accomplished by several agencies over the past 20
years. These data included field costs based on force account work
and on work performed by contract. All prices were indexed to

January 1962.

Based on field results in various areas, the most effective
means of phreatophyte eradication appears to be by mechanical

D-1L
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clearing. In developing estimates for mechanical clearing, data
were used that are representative of the plant types and densities
of growth. A weighted average field cost per acre was computed from
cost data for clearing acreages, generally larger than a square mile
and by force account. The total costs based on mechanical clearing
by contract were estimated to be $50 per acre, which includes $5 per
acre for engineering and overhead.

Based on work done in other areas, particularly along the Rio
Grande River and Pecos River floodways, very effective regrowth
control has been accomplished by mechanical means. Excellent results
have been obtained by using tractor-mounted undercutting blades every
two years or so, and annual mowing with tractor-drawn rotary brush
cutters. The annual costs include costs for stacking and burning,
and indirect costs of 50+ percent of the field costs to cover surveying,
supervision, overhead, and depreciation on equipment. The estimated
annuel cost of regrowth control, also by force account, would be $5
per acre.

Drains

Investigations show that drains, in conjunction with mechanical
eredication and control methods, would be the most efficient means
for accomplishing the proposed program. The procedures end criteria
used to determine drain requirements follow.

Layout--The ground-water reservoir was evaluated for conditions
before end after eradication to determine areas that would be suscep-
tible to salvage by open drains. Within these areas, topo graphic
and ground-water gradients were analyzed to permit proper placement
and determination of hydraulic gradients of drains. The layout of
the drain system was done on l/2h,000 U.S.G.S. quadrangle maps.
Drainage was not provided in those areas where the depth to ground
water would exceed 5 feet.

Drainage Criteria--The following criteria and procedures were
used to determine the acres subject to drainage, spacing of drains,
and water salvage:

1. The areas susceptible to drainage, and the spacing of
drains, were determined by engineering analyses and
judgment in conjunction with available maps and data.

2. The installation of drains in a regrowth area would not
eliminate all evapotranspiration and bare-ground evapora-
tion. Owing to terrain and soil characteristics, the
reduction of these losses would be 60 percent, all of
which could be salvaged with drains.
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Designs--All subdreins would have a 3.0-foot-base width and
13:1 side slopes, and mein drains would have 5.0-foot-base widths
and 11:1 side slopes, with average depths of 7 feet end 10 feet,
respectively. Both drain sections meet the hydraulic demands of
the drained areas. It was determined that approximately 141 miles
of drains would be required, with capacities ranging from 2 to 36

cfs.

Regrowth Control with Drains--Based on the anticipated effective-
ness of the drains, it wes determined that in the areas susceptible
to drainage the acreage ;equiring regrowth control would be reduced

50 percent.

Based on local conditions and January 1962 prices, the average
total construction cost for the required drains would be about 311,560
per mile. This includes 30+ percent of the field cost for engineering,
supervision, and overhead. It is estimeted that these drains would
require complete cleaning every other year. On this basis, annual
operation end maintenance cosis were computed to be about $730 per

mile, including indirect expenses.

Sunmary of Costs

Based on unit costs and criteria developed in previous sections
of this chapter, the total capitel cost would be as follows:
I

Capital Costs (by contract) .
Phreatophyte Clearing - 42,000 acres @ $50/acre = $2,100,000

Construction of Drains - 1h1 miles @ $11,560 1,630,000
Total Cepital Cost (Clearing and Drains) $3, 730,000

Following the initial period for clearing end construction, the
total ennual meintenance costs, based on unit costs and criteria
developed previously, would be as follows:

Annual Maintenance Costs (by force account)
Regrowth Control - 24,000 acres @ 85/acre = $120,000

Maintenance of Drains - 141 miles/year @ $730 103,000
Total Annual Maintenance Cost $223,000

Tt is estimated that 4 years would be required for completion
of initial clearing operations and drain construction. The work
schedule is as shown on Control Schedule PF-2, Table T.
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PART V. ECONOMIC ANALYSIS

For the purvoses of benefit evaluation and for benefit-cost
comparisons, it was assumed that the salvaged water would be used
for supplemental irrigation purposes. Many of the areas that could
used the salvaged water are presently devoted to the production of
general crops which include cotton, barley, sorghum, lettuce, melons,
and elfalfa. Many specialty crops are also grown, but the acreage
devoted to these crops usually constitutes less than 10 percent of
the total cropped area. Farm budgets typical of the service areas ' i
of the Pacific Southwest Water Plan indicate that the salvaged water
would have en irrigation benefit of about $40 per acre-foot. This
value is representative of water delivered to the farm. It was
assumed that the water would be conveyed.by existing facilities;
therefore, the cost of distribution systems would not be involved.

- Obviously, delivery losses would occur between the point of salvage

and the farms, and for this study a delivery loss of 20 percent has
been assumed. Under these conditions, the benefits from the water
salvege and drainage progrem presented in this study would be as
follows:

100,000 ecre-feet x .80 x $40 '$3, 200,000

Costs associated with the necessary work to obtain the estimated
water salvage have been enumerated in preceding sections of the
report. The derivation of the annual equivalent values of these
costs over a 100-year period of analysis at 3 percent interest,
including interest during clearing and construction, is as follows:

Cleering and Drain Construction Cost $3, 544,000 1/
Interest During Construction 186,000
Total Construction Cost 3,730,000
Arnual Equivalent Cost (3 Percent) 118,000
Annual Regrowth Control and Maintenance Cost 223,000
Total Annual Cost 341,000
Annual Bernefits $3,200,000
Benefit-Cost Ratio 9.38 to 1.00

1/ Excludes investigation costs - $186,000.

As demonstrated by the benefit-cost ratios, a project to salvage
this water now being nonbeneficially used is highly feasible.
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